Introduction
4-Hydroxycoumarin derivatives are of interest because of their anticoagulant [1 -3] , spasmolytic [4, 5] , and rodenticidal [6 -9] activities. Some coumarin derivatives are known for their antifungal and anti-HIV activities [10, 11] . They are also extensively used as analytical reagents [12 -14] . The most widely used antithrombotic in the USA and Canada is racemic sodium Warfarin. All compounds of this group inhibit vitamin K 2,3-epoxide reductase.
Ikawa et al. [15] have established that when α, β -unsaturated ketones derived from salicylaldehyde are condensed with 4-hydroxycoumarin, the Michael condensation products undergo spontaneous dehydration to give products with high melting points, which are insoluble in alkali and have low solubility in ethanol. The products, according to the authors, are 6-oxo-7-substituted-6H,7H- [1] benzopyrano [4,3-b] [1]-benzopyrans (1) .
Porter and Trager [16, 17] have established in 1977 that the base catalyzed condensation reaction between 4-hydroxycoumarin and 2-hydroxybenzylidenacetone yields 6-methyl-6,12-methano-6H,12H,13H- [1] benzopyrano [4,3-d] [1, 3] benzodioxocin-13-one (2a) as a final product. An analogous structure was described by 0932-0776 / 06 / 0200-0207 $ 06.00 c 2006 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com Jurd in 1981 [18] . Later Ruggiero and Valente [19, 20] proved the structure by means of X-ray crystal structure analysis. Abd El-Rahman et al. [21] synthesized similar benzodioxocinone derivatives by condensation of salicylidenacetone and hydroxyfurobenzopyran.
We now report a new synthesis for this class of compounds. Instead of 2-hydroxybenzylidenacetone we used 3-acetylcoumarin and 3-benzoylcoumarin and by reaction of Michael addition we synthesized the same benzodioxocinones.
Results and Discussion
Nearly ten years ago we investigated the interaction between 4-hydroxycoumarin and 3-acetylcoumarin or Scheme 1. 3-benzoylcoumarin in water and an equimolar quantity of sodium hydroxide at reflux. On the basis of elemental analyses, IR, 1 H NMR and mass spectral data we postulated similar to Ikawa et al. [15] , that the product had the structure of 1a [22] .
This assumption was wrong. In fact only product 2 was formed. An intramolecular interaction between the carbonyl group of the side chain and the hydroxyl group of 4-hydroxycoumarin took place and a semiketal was formed. The semi-ketal dehydrated spontaneously and the final product was formed. Products 1 and 2 are isomers (they have the same molecular formula). The data of X-ray crystal structure analyses were a proof that product 2 was formed and not product 1.
The constitution of the dioxabicyclononanes can be established also on the basis of the IR spectra. Coumarin carbonyls are expected to absorb at approximately 1720 cm −1 . The observed carbonyl stretch is found at 1703 cm −1 and, therefore, all data strongly suggest that the structure of coumarino-2,8-dioxabicyclo[3.3.1]nonane (2a, b) must be assigned to the products [16] .
The insolubility of the condensation product in dilute alkali is an indication that the hydroxyl group of the 4-hydroxycoumarin fragments must have been modified during the course of the reaction and that an intramolecular coumarin ketal has been formed (Scheme 1). In the 1 H NMR spectrum signals are observed at δ = 1.98 (methyl) and δ = 2.23 (methylene, 3 J = 3 Hz). The magnitude of the observed vicinal coupling is consistent with structure 2 since both methano protons are constrained to be gauche to the benzylic proton. Similar conclusions have already been made by Porter and Trager [16] . The constitution of 2b has fi-Scheme 2. nally been established beyond doubt by an X-ray crystal structure determination (Fig. 1) .
The interaction between 4-hydroxycoumarin and 4-(5-bromo-2-hydroxyphenyl)-3-buten-2-one leads to the formation of a new product, 1-methylcoum-
. The constitution was confirmed by a crystal structure determination (Fig. 2) .
When the condensation process between 4-hydroxycoumarin and 3-acetylcoumarin at a molar ratio of 1:1 was carried out in glacial acetic acid and in the presence of potassium acetate (instead of water and an equimolar quantity of sodium hydroxide), the final product was 7- 
Crystal Structure
The crystallographic data are presented in Table 1. Compound 2b crystallized in the orthorhom- Scheme 3. bic space group Pna2 1 . The molecular structure is shown in Fig. 1 . The two dihydropyran rings composed of C1/C2/C15/C16/C11/O1 and C13/C14/C15/C16/C11/O12 are constrained to a diaxial configuration. The dihedral angle between these two hydropyran rings is 69.7
• (0.2). Both rings exhibit half-chair conformation. The bond lengths C11-O12 (144.9(6) pm) and C11-O1 (144.1(6) pm) are very similar.
The crystal system of 3 is monoclinic, the space group is P2 1 /c. The molecular structure is shown in Fig. 2 . The structure shows the same characteristics as structure 2b. All data are in good agreement with the products described by Ruggiero et al. [19] .
Crystallographic data (excluding structure factors) have been deposited with the Cambridge Crystallographic Data Center as supplementary publication no. CCDC 284360 (2b) and CCDC 284361 (3). Copies of the data can be obtained free of charge on application to CCDC, 12 Union Road, Cambridge, CB 1EZ, UK (Fax:(+44) 1223-336-033; e-mail: deposit@ccdc.cam.ac.uk)
Experimental Section
Chemicals were reagent grade and were purchased from Fluka. Melting points were measured on a Boetius hot plate microscope (Germany) and are uncorrected. IR spectra (nujol) were recorded on an IR-spectrometer FTIR-8101M Shimadzu. 1 H NMR spectra were recorded at ambient temperature on a Bruker 250 WM (250 MHz) spectrometer in [D 6 ]-acetone. Chemical shifts are given in ppm (σ ) relative to TMS used as an internal standard. Mass spectra were recorded on a Jeol JMS D 300 double focusing mass spectrometer coupled to a JMA 2000 data system. The compounds were introduced by direct inlet probe, heated from 50 • C to 400 • C at a rate of 100 • /min. The ionization current was 300 mA, the accelerating voltage 3 kV and the chamber temperature 150 • C. TLC was performed on precoated plates Kieselgel 60 F 254 Merck (Germany) with layer thickness 0.25 mm and UV detection (254 nm). Yields of TLChomogeneous isolated products are given. The analyses indicated by the symbols of the elements were within ±0.3% of the theoretical values.
1-Methylcoumarino-[4',3'-c]benzo[3",4"-f]-2,8-dioxabicyclo[3.3.1]nonane (2a)
4-Hydroxycoumarin (1.62 g, 10 mmol) was treated with 3-acetylcoumarin (1.88 g, 10 mmol) and a solution of NaOH (0.4 g, 10 mmol) in 30 ml of water. The reaction mixture was heated at reflux and stirred for 20 h. CO 2 was liberated during the reaction. 
1-Phenylcoumarino-[4',3'-c]benzo[3",4"-f]-2,8-dioxabicyclo[3.3.1]nonane (2b)
To a solution of 3-benzoylcoumarin (2.5 g, 10 mmol) and NaOH (0.4 g, 10 mmol) in water (30 ml) was added 4-hydroxycoumarin (1.62 g, 10 mmol), and the reaction mixture was boiled at reflux for 15 h. CO 2 was liberated during the reaction. There was a pH change of the reaction medium, so extra NaOH (0.4 g, 10 mmol) was added and as a result the pH remained alkaline. After cooling, the reaction mixture was acidified with diluted sulfuric acid and a brown heavy residue was separated. The aqueous phase was separated and the resin-like residue was dissolved in dioxane. After addition of water to the dioxane solution, white crystals were separated and washed with methanol. Yield 1.51 g (41% 
7-[3-Acetyl-2-oxo-3,4-dihydro-2H-(1)benzopyran-4-yl]methyl-6H,14H,14bH-bis-(1)benzopyrano[4,3-b:4',3'-d]pyran-6,14-dione (4)
Anhydrous potassium acetate (30 mmol), 4-hydroxycoumarin (30 mmol) and 3-acetylcoumarin (30 mmol) were dissolved in glacial acetic acid (30 ml). The reaction mixture was refluxed for 7 h. After cooling a yellow-redish precipitate was separated. The precipitate was washed with glacial acetic acid. The filtrate was poured in a large volume of water. The red precipitate was separated. The crude product was recrystallized from acetic acid. 
